Objective: To compare the evidence derived from blood biochemical status indices with the evidence from a questionnaire and from a 4-day weighed dietary record of micronutrient supplement use in the British National Diet and Nutrition Survey (NDNS) of People Aged 65 Years and Over; to resolve some apparent incompatibility between nutrient intake and status estimates, and to recommend an approach towards supplement recording that should improve accuracy. Design: The survey procedures described in the National Diet and Nutrition Survey Report (1998) included a health-and-lifestyle questionnaire, a 4-day weighed diet record, and fasting blood and urine sample for biochemical indices, including a wide range of micronutrients. Setting: Eighty randomly selected postcode sectors from mainland Britain during 1994±1995. Subjects: Of 2060 people interviewed, 1467 provided a blood sample and 1217 provided both a blood sample, and a complete 4-day diet record. About 20% were living in institutions such as nursing homes, and the remainder were living in private households. Results: After assigning the subjects to four categories by the use of dietary supplements (A, those not taking supplements (by questionnaire or by the 4-day record); B, those taking supplements (excluding prescribed ones) by questionnaire only; C, those taking supplements by 4-day record only; and D, those taking supplements by both questionnaire and 4-day record), these categories were then compared with respect to estimated total nutrient intakes and blood biochemical indices. Those in category B had estimated (4-day) nutrient intakes (from foods and supplements) that were indistinguishable from those in category A, but had biochemical indices that indicated signi®cantly higher dietary intakes of several vitamins. Conclusions and recommendation: The 4-day weighed intake record may not have identi®ed all of the subjects who were regularly taking micronutrient supplements in amounts suf®cient to improve their biochemical status. Because survey respondents may use supplements irregularly or change their usual patterns of supplement use during a period of intensive diet-recording, it is important to design a dietary instrument that will minimise this potential source of inaccuracy. We therefore recommend that population surveys in which an accurate estimate of micronutrient intakes is required, from supplements as well as from food, should record supplement use for a period longer than 4-days. It is likely that a better estimate of long-term intakes can be achieved by combining a 4-day weighed diet record with a structured recall or several weeks of diary records, which focus speci®cally on the use of supplements.
Introduction
The accurate assessment of nutrient intakes is a dif®cult, complex and error-prone task (Jacques et al, 1993; and, in particular, any time differences between the dietary intake assessment period and the blood sample(s) used for status assessment may be critical with regard to the extent to which the blood sample indices re¯ect usual or recent intakes of micronutrients . Low blood concentrations of some micronutrients, especially of vitamins, have been observed in older adults living in the UK (DHSS, 1972 (DHSS, , 1979 Department of Health, 1992; Bailey et al, 1997) and elsewhere in Europe (Euronut Seneca Investigators, 1991; Seneca Investigators; 1996) . It is unclear whether these are due primarily to low nutrient intakes or to other physiological or pathological factors associated with the aging process that may affect status indices independently of nutrient intakes. In this context, it has been important to assess the extent of use of micronutrient supplements by representative samples of populations, such as the British National Diet and Nutrition Survey (NDNS) series, commissioned by the Ministry of Agriculture, Fisheries and Food and the Department of Health. However, the irregular use of dietary supplements may imply that a questionnaire format is preferable to, or needs to be used in conjunction with, a short-term weighed diet record for the identi®cation of supplement users. An opportunity to investigate this question has recently become available in the course of a new NDNS survey of diet and nutrient status of British people aged 65 years and over . The purpose of the present study was to examine relationships between recorded supplement usage and the biochemical indices of micronutrient status.
Subjects and Methods
The design and execution of the National Diet and Nutrition Survey of people aged 65 years and over has already been described ; therefore only the main features are summarised. Social and Community Planning Research (SCPR), on behalf of the British Government (Department of Health (DH) and Ministry of Agriculture, Fisheries and Food (MAFF)), recruited participants from 80 randomly selected postcode sectors (October 1994 to September 1995 . Within each sector, all private households and relevant long-stay institutions such as nursing homes were approached, to ascertain the age and gender of the inhabitants. A further random selection then achieved the required numbers (a total of 2060 respondents) in 6 subgroups, strati®ed by age and gender. Figure 1 lists the sequence of data-gathering steps in the survey. A ®eldworker invited participation, comprising a questionnaire about health and lifestyle factors, a 4 day weighed dietary record, anthropometric, blood pressure and grip strength measurements, and providing a urine sample and an early morning blood sample, usually fasting. The blood sample was obtained after the 4 day weighed dietary record and the health and lifestyle questionnaire, but generally within a few days of them. Blood was collected in Sarstedt monovettes for haematological and biochemical index measurements. The latter included measurements of fat-soluble vitamins and related nutrients (vitamins A, E, D and carotenoids); indices of water-soluble vitamin status (vitamins B 1 , B 2 , folate, B 12 and C; vitamin B 6 was measured in a separate study (Bates et al, in press) ); plasma or urine mineral contents (iron, zinc, copper, selenium, sodium, potassium); lipids and protein; acute phase status, and liver and kidney function. Most of these measurements were carried out at the Dunn Nutrition Unit, Cambridge, UK .
During the health and lifestyle questionnaire, a question was asked of each respondent (or of a proxy respondent in those cases where the respondent was unable to provide the necessary information) about any regular use of dietary supplements. These supplements were subdivided into the following seven categories: (1) multivitamins; (2) single vitamins; (3) multivitamins plus minerals; (4) minerals alone; (5) cod liver oil; (6) Evening Primrose oil-based supplements; (7) other supplements (unspeci®ed) . No other questions were asked, for example about prescribed supplements, and frequency of use was not probed, for frequencies less than once a day. During the 4-day weighed dietary record, further and more detailed information was obtained about the use of dietary supplements consumed during this 4-day period. Each supplement type Ð tablets, syrups, oils, powders, nutritionally-complete supplements or supplements prescribed by a doctor Ð was described in terms of nutrients (including all the relevant vitamin and mineral nutrients) and of the amounts taken. The 4-day diet records (foods and supplements) were then coded at SCPR, and were used to calculate individual daily nutrient intakes using tables. From these calculations, estimations were made of the intakes of each micronutrient: (a) from foods and (b) from dietary supplements, for each respondent during the 4-day weighed dietary record. Of 2624 people initially approached, 78.5% completed the initial health and lifestyle questionnaire; 64.3% of these provided a complete 4-day weighed dietary record and 62% provided suf®cient blood for at least some of the biochemical and haematological measurements.
Because the information about the use of dietary supplements from the health and lifestyle questionnaire was not speci®c with regard to the use of individual vitamins and minerals, the information about supplement use from this source was used, in the present study, to create a simple subdivision into`supplement-users' and`non-users'. The information from the 4-day diet record was also used to create two categories: people who received vitamins and/or minerals from dietary supplements during the 4 days, and those who did not. Although the 4-day diet record provided information showing which people obtained which speci®c nutrients from supplements during this period, this level of detail about intakes was used only for the information in Table 1 .
The purpose of this study was to compare and contrast the four subgroups of supplement users and non-users: (A) those who were not recorded as using any dietary supplements, either during the main questionnaire or during the 4-day diet record; (B) those who recorded supplement use during the questionnaire but not during the 4-day record; (C) those who recorded supplement use during the 4-day record but not during the questionnaire; (D) those who recorded supplement use in both the questionnaire and the 4-day record. These four groups were then compared with respect to their estimated micronutrient intakes from the 4-day diet records and to their blood biochemical indices of micronutrient status. Data reduction was performed with Microsoft Excel' and Data Description Inc.`DataDesk' computer programs, using a multiple linear regression model or ANOVA plus Scheffe post-hoc test for signi®cance-testing. Because this study addressed comparisons between different subgroups of the survey participants, and did not aim to provide any description of a representative sample of the population, the population weighting-factors used in the survey report were not applied.
Permission for the survey procedures was obtained from National Health Service Local Research Ethics Committees associated with each postcode sector, and the MRC Dunn Nutrition Unit's Ethics Committee. ; Four-day weighed diet record, including dietary supplements, quantitatively estimated from product descriptions and amounts used ; Nurse visit, for a single blood sample and urine collection and for other measurements, e.g. anthropometry, blood pressure, etc.
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Results Table 1 lists the numbers and percentages of the subjects, living in the community or in institutions, who were recorded as taking dietary supplements, either in the main questionnaire or in the 4-day weighed dietary record that followed it. Because not all of the subjects who completed the questionnaire also provided a full 4-day weighed dietary intake record, the numbers are smaller in the latter group; therefore, only the percentage distributions, and not the absolute numbers, can be compared between the two halves of Table 1 . Of people living in the community, 28.7% said in the main questionnaire that they used supplements, compared with 6.3% of people living in institutions. The 4-day weighed dietary record found that 22.2% of subjects living in private households and 19.3% of subjects living in institutions used dietary supplements. Of the types of supplements recorded, the largest category in the main questionnaire was cod liver oil, with vitamin-containing supplements in second place. It is clear from Table 1 that a high proportion of people who were recorded as using supplements were receiving one or more fat-soluble vitamins; a smaller number were receiving supplements of one or more water-soluble vitamins, and a yet smaller number were receiving supplements of one or more minerals or trace elements. Table 2 provides a breakdown of mean individual nutrient intakes from foods and supplements, calculated from the 4-day weighed diet records, for four categories of subjects A, B, C, D as de®ned previously. The analysis was con®ned to those people who provided a blood sample, so that similar groups can be compared between the diet estimates and the blood indices, in this and subsequent tables.
Because of mental frailty, some respondents' information was provided by a proxy information-giver: this was most common (27.6%) in group C, and least common (1.2%) in group D (Table 2) .
The estimated mean nutrient intakes were generally very similar between people in categories A and B, whereas those for people in category D, which included all types of supplements were, as predicted, generally higher. People in category C, who were receiving supplements that were recorded during the 4-day record, but not during the questionnaire, had especially high intakes of folate and of iron, but not of most of the other micronutrients. Women were more likely to record supplement use in the 4-day diet record than were men (not shown). If intakes from food alone, without supplements, were calculated then, as expected, the estimated intakes of most micronutrients in categories C and D were lower (®gures in parentheses in Table 2 ), and were much more similar to those in categories A and B. In category C, the intakes from food only of vitamin C, folate, copper and iron were signi®cantly lower than in category D. Table 3 provides a breakdown of the biochemical status indices, by category of supplement use. As expected, the status indices in people in category D, especially for vitamins, were generally better than for those in category A. Category C exhibited an intermediate picture, except for very high blood levels of folate and of ferritin, which matches the high supplementary intakes of these two nutrients from prescribed supplements in category C. Surprisingly, however, the biochemical indices of people in category B were also considerably better than for those in category A, and for several of the vitamin indices they approached those in category D.
In Table 4 , the signi®cance of the differences in 4-day dietary nutrient estimates and of the vitamin status indices, between categories A and B is further explored, with corrections for group imbalances in age, gender and domicile. There were no signi®cant differences between any of the 4-day nutrient intake estimates (from food and supplements), but there were signi®cant status index differences for the following vitamins: C, B 6 , B 1 , B 2 , folate, retinol, 25-hydroxyvitamin D (25(OH)D) and a-tocopherol. A wide range of biochemical indices unconnected with vitamin status, namely mineral, lipid and protein status indices; indices of hepatic and renal function; haematology, blood clotting factors, etc., were indistinguishable between subject-categories A and B (not shown).
In Table 5 , the seven categories of supplement takers, identi®ed from the health and lifestyle questionnaire, are compared with the subjects who were not taking supplements, either according to the questionnaire or according to the 4-day weighed record. The analysis is con®ned to people who provided a blood sample, as in Tables 2±4. Most of the seven categories of supplement takers had better biochemical status indices for those nutrients that were responsive to supplementation, that is most of the vitamin indices, whereas the mineral indices exhibited little or no improvement. However, it should be remembered that these supplement categories were not mutually exclusive Ð some people in each category were taking several types of supplement. People taking cod liver oil supplements *Categories: A, subjects not taking dietary supplements, either from main questionnaire or from 4-day food intake records; B, subjects taking dietary supplements from main questionnaire (which excluded prescribed supplements) but not from 4-day food intake records; C, subjects taking dietary supplements from 4-day food intake records (which included prescribed supplements) but not from main questionnaire; D, subjects taking dietary supplements from both main questionnaire and 4-day food intake records. {In order to make numbers comparable between Tables 2 and 3, this analysis was con®ned to those subjects who provided both a blood sample and a 4-day diet record. The nutrient intakes were calculated from the 4-day weighed intake record, and included the dietary supplements that were taken during those 4 days, only. The numbers in parentheses are the intakes from food only, without supplements. {Percentage of subjects whose records (of diet, supplement use, etc.) were provided by a proxy information-giver, because they were unable to provide this information themselves.
a,b,c
Signi®cant differences between groups: those which do not share a common superscript letter were signi®cantly different (P`0.05) by the Scheffe posthoc test. ANOVA was used to test for group differences in continuous variables, and logistic regression was used for binary variables. Nutrient intakes were log-transformed before testing for group differences. Signi®cant differences between groups: those which do not share a common superscript letter were signi®cantly different (P`0.05) by Scheffe test. All variables were continuous, therefore ANOVA was used, and all indices were log-transformed before testing the group differences.
National Survey of dietary supplements amongst people aged 65 y and over CJ Bates et al exhibited improvements in water-soluble as well as fatsoluble vitamin indices, although only the effect on 25(OH)D was statistically signi®cant, if the analysis was con®ned to those people who were taking cod liver oil without any other supplements. When the four main categories of supplements in the 4-day weighed record (tablets, drops, syrups and nutritionally complete supplements) were compared, tablet users comprised the largest of the four categories with the largest improvement in vitamin status indices (not shown).
Discussion
The observations of this study were partly predictable. The predictable results were (a) that category D subjects had better status, as well as greater dietary intakes, of vitamins from food and supplements than category A subjects; (b) that category D subjects also had increased mineral intakes, but modest, if any, differences in mineral status and indices, since the absorption of many minerals is controlled by status and requirements, and because blood levels are controlled within fairly narrow limits by homeostatic mechanisms; (c) that since category C subjects had exceptionally high intakes of iron and of folate, probably from supplements that were prescribed by a doctor, and which were not included in the main questionnaire, they also had high red cell folate and ferritin concentrations to match. Prescribed supplements, including those of iron and folate, were included in the 4-day diet records, but not (because they were not requested) in the main questionnaire record of supplement use. A high proportion of subjects in group C were living in institutions, and a signi®cant number of them relied on proxy information-givers, which may have had some effect on the quality of information provided. People living in institutions less frequently recorded supplement use in the health and lifestyle questionnaire than those not in institutions, but included it more frequently in their 4-day diet records (Table 2) , possibly because they were given additional help in completing the 4-day records.
All seven categories of supplement takers identi®ed by the health and lifestyle questionnaire exhibited enhanced vitamin status indices for both fat-and water-soluble vitamins, even where the supplement was predicted to provide nutrients in only one of these two categories, e.g. cod liver oil or Evening Primrose oil-based supplements, but this is likely to be attributable, at least in part, to use of several categories of supplement by some people. It is possible that people who usually take non-prescribed dietary supplements have a better diet in other respects than those who do not; indeed, it was concluded in chapter 8 of the survey report that supplement users had slightly higher intakes of vitamins from food sources than non-supplement-users, and that people with low intakes of several vitamins from food sources generally did not take vitamin supplements. On the other hand, there was little evidence, in Table 2 , that people in categories B and D had signi®cantly higher micronutrient intakes from food alone than did people in category A.
The observation that category B subjects had signi®-cantly better vitamin status indices than those in category A suggested that some of the supplement use was not recorded during the 4-day records. The status differences between categories A and B indicate that some of the people who stated that they took supplements during the questionnaire did not do so or did not record doing so during the 4-day weighed dietary intake, possibly because of irregular use. The blood sample was always taken after the 4-day diet record; sometimes within a few days, but sometimes a week or two later. Clearly, however, the questionnaire re¯ected the blood indices more accurately than did the 4-day diet record, thus suggesting that the questionnaire was more likely to be accurate in recording those supplements that were used irregularly. It is, of course, dif®cult to be certain whether people in category B had deliberately stopped taking their`usual' supplements during the 4-day record, or whether they failed to understand that they needed to be recorded or whether their supplement use was not suf®ciently frequent or regular to be recorded in a 4-day record. In any case, in a signi®cant proportion of cases the 4-day record did not provide an accurate picture of`usual' supplement use.
This study suggests that the recorded pattern of dietary supplements in a surveyed population differs according to the dietary instrument being used, that a 4-day weighed diet record may be insuf®cient to record customary supplement use, and that it may be necessary to use a combination of several approaches to obtain intake information that is accurate. This is likely to be of particular importance for studies of micronutrient intakes, especially of vitamins, and will be of lesser importance where the survey is concerned The column for people taking`no supplements' included only those who indicated no supplement use in both questionnaire and 4-day food record. The other seven columns refer to the interview categories only. These are not necessarily exclusive, i.e. some people were taking supplements in more than one of these categories.
b
See f/n to Table 4 for abbreviations and de®nitions.
National Survey of dietary supplements amongst people aged 65 y and over CJ Bates et al primarily with macronutrients that are obtained mainly from food sources, as distinct from supplements. We therefore recommend that in order to obtain representative nutrient intake information for individuals, for example to be compared with their individual status indices, a fourconsecutive-day (or similar) intensive period of weighed diet records needs to be complemented with a questionnaire that probes the use of dietary supplements over a longer period of time, and that these two sources of information should then be combined to build a reliable composite picture of usual dietary intake.
